The current article examines the limitations of perceptual judgment for the transcription of pause occurrence and duration. This investigation extends Kowal and O'Connell's (2000) previous research, which examined pause occurrence and duration notated by perceptual judgment with measurements from acoustic instruments for three corpora. Kowal and O'Connell found that, across corpora, there were a notable number of errors in perceptual detection of pauses, including both failure to notate pauses measurable with instrumentation (misses) and notation of pauses that were not measurable (false positives). In this study we focus on pause transcription in a uniquely English-language database, examining four excerpts from the London-Lund Corpus (LLC). Pauses which had been notated perceptually in LLC were compared with pause measurements from a Siemens Oscillomink L. As in the previous research, it was found that a notable number of pauses detectable with the acoustic instruments were not notated in LLC, which relied on only perceptual judgment. Errors in pause detection, both false positives and misses, accounted for 86 cases over 257 perceptually notated pauses, an error rate of one in three. We also examined two assumptions of LLC: (1) The assumption that perceptually notated pauses would adhere to interval scaling was not substantiated by instrumental measurement. (2) The assumption (Crystal and Quirk 1964: 49) that "impressionistic relative length varies with the tempo norm of a given speaker" was also not substantiated insofar as all correlations of tempo (operationalized as articulation rate) with ambient pause duration were nonsignificant.
Introduction
In a recent article, Kowal and O'Connell (2000) presented findings regarding the notation of pause occurrence and duration in spoken discourse. They investigated three current notation systems for the transcription of spoken discourse: The Halbinterpretative Arbeitstrankriptionen (HIAT) (Ehlich & Rehbein 1976 , 1979 , 1981 Ehlich 1993) , the Gesprächsanalytisches Transkriptionssystem (GAT) (Selting et al 1998) , and the prosodic transcription of the LondonLund Corpus (LLC) in the Survey of English Usage (SEU) (Svartvik and Quirk 1980; Svartvik 1990 ). The first two notation systems are used largely for the transcription of German corpora; the third largely for the transcription of (British) English corpora. These systems use transcribers' perceptual judgments of pause duration as the basis for notation. That is to say, it is the listener who determines how a pause in spoken conversation should be transcribed in text. Kowal and O'Connell (2000) examined how these systems of perceptual notation compared with instrumental acoustic measurement of pause duration. The comparisons indicated that, overall, long (> 1.0 s) and medium (> 0.30 -< 1.0 s) pauses were recorded relatively accurately, but short (> 0.12 -< 0.30 s) pauses were not. Furthermore, errors in pause notation, false alarms and misses, occurred when perceptual judgment was relied on for notation. Overall, only 65% of the measured pauses were notated in the perceptual systems. These results closely paralleled the finding of Kowal and O'Connell (1995) that only 66% of the pauses perceptually notated by Couper-Kuhlen (1990) corresponded to measured pauses.
In this previous work (Kowal and O'Connell 2000) the scaling of pause duration in the three transcription systems was also examined. Results indicated that all median durations were ordinally scaled, but individual pause durations reflected some dramatic exceptions. For two of the systems, the LLC and GAT, the median durations of the perceptually transcribed pauses violated the interval scaling assumption of the system. The conclusion reached by Kowal and O'Connell was that all three transcription systems overburden even trained transcribers beyond their capacity; thus bringing into question the validity and reliability of perceptual methods for determining pause occurrence and duration in spoken discourse.
Clear as these findings may appear, one may note several reasons why they may fail to have much impact on the interdisciplinary scientific community concerned with the investigation of spoken discourse: (1) They have been published in the German language in a European journal of linguistics; (2) two (HIAT and GAT) of the three systems investigated are not widely used for the transcription of English spoken discourse; and (3) the unit pause is supposed to vary in the LLC system across individuals, depending solely on a given individual's speaking tempo. Hence, a closer look at pauses notated according to the LLC system seemed in order. Crystal (1969: 170) spelled out the importance of a method of determining pause occurrence and duration:
The primary question to be raised for immediate linguistic research is the definition of linguistically significant pausal contrasts. Certainly any attempt to distinguish semantic or psychological functions of pause will fail without a previously agreed method of notating the perceptually contrastive types and degrees of pause as they occur in utterances.
This quest for a method of notating "perceptually contrastive types and degrees of pause" still continues (e.g., Couper-Kuhlen 1993: 2; Gumperz & Berens 1993: 101 f.; Have 1999: 83 ff.; Jefferson 1989: 166; Psathas & Anderson 1990: 87) . Perhaps the clearest expression of this subjective norm is to be found in Crystal and Quirk (1964: 49): Observation and replicability alike suggest that length of silent pause is its relevant gradient characteristic. We have no reason to believe, however, that absolute length is relevant, but rather that impressionistic relative length varies with the tempo norm of a given speaker and that the unit should not therefore be a particular number of microseconds but an interval (still of course measurable) related solely to an individual's tempo. This is a key point for the following study. Crystal and Quirk's statement that the interval of a "unit" pause (transcribed as a -) should be of some "measurable" length implies that we should then be able to correlate measured pause duration with some measure of tempo in order to tease out this relationship.
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To our knowledge, evidence has not been presented for these contentions, nor have they been empirically supported in the intervening years. However, there has been a great deal of research in the meantime on "absolute length" (or, more accurately, "duration"), not, however, at the level of the "microsecond", which equals one millionth of a second and is not within the range of human auditory perception. Nonetheless, the "isochrony or presence of a regular 'beat' in spoken language" (Couper-Kuhlen 1993: 1; see also Couper-Kuhlen 1990) is still being vigorously investigated, is still being used as a basis for the perceptual method of notating pause occurrence and duration, and is still posited as a characteristic unique to only one major language -English.
In this study we explore in more depth the perceptual notation of pauses in LLC. Since its introduction, LLC has come to be considered a classic English-language corpus of transcripts of spoken discourse in the research literature and has been used for a multitude of linguistic research projects (see Svartvik 1990 Svartvik , 1992 . It is therefore important to gain a better understanding of the notation system used in LLC. Hence, we tested Crystal and Quirk's (1964) hypothesis of a significant positive correlation between tempo and the measurable duration of unit pauses for a given speaker. It was further hypothesized that there would be a significant positive correlation between median unit pause duration and mean tempo across speakers.
Method

Materials
Four excerpts, all part of the overall Survey of English Usage (SEU), which yielded LLC, were analyzed in the present research. Transcripts of all four were taken from Crystal and Davy (1975: 19-23 , lines 1-42; 28 f., lines 1-63; 32-36, lines 1-125; and 40-43, lines 1-75). In these transcripts pauses had originally been notated in LLC in four ways, "." for brief pauses, "-" for the unit pause, "--" for the double pause, and finally "---" for treble pauses, and these judgments of pause duration had been made perceptually by transcribers trained to use the LLC transcription system (see Crystal and Davy 1975) . It should be noted that the first of these excerpts (1) was speaker B in Kowal and O'Connell's (2000) prior research. His data were further analyzed for this study in the same way as the additional excerpts (2, 3, and 4).
For the measurement of pauses, the audio recordings corresponding to the transcripts and made available by Crystal and Davy (1975) in cassette form were subjected to instrumental measurement analysis by means of a Siemens Oscillomink L and a Fundamental Frequency Meter FFM 6502 (F-J Electronics).
Measurement
Both on-time (time during which the person is speaking) and the durations of pauses notated as unit in Crystal and Davy's transcripts were determined by the use of the acoustical measurement instruments mentioned above. Notated pause durations which were shorter than the usual cut-off point for minimal duration of pauses ( > 0.12 s) were ack-nowledged as long as they were measurable as > 0.04 s. This conservative criterion was adopted so as not to analyze the data prejudicially to the notation system by seeming to inflate the incidence of false positive pause notations.
As previously stated, Crystal and Quirk's (1964) hypothesis is that, within subjects, there would be a significant positive correlation between tempo and the notated durations of unit pauses. Tempo was not explicitly defined by Crystal and Davy (1975) . In this study relevant tempo for each articulatory phrase (defined as a section of speech uninterrupted by a measurable pause) was operationally defined as the articulation rate (AR) of the phrase in syllables per second (syl/s) of on-time. As the hypothesis focuses only on the unit pause, only articulatory phrases that were immediately preceded or followed by a unit pause were considered in this analysis.
For the second hypothesis the relationship of tempo and pause duration across subjects is examined. Specifically, median unit pause durations were hypothesized to covary with the overall average tempo across individual speakers. In this case, tempo was again defined operationally as articulation rate (AR), but we were now interested in the average tempo. Hence tempo was found by dividing the sum of the syllables in all the articulatory phrases of a given speaker that were immediately preceded or followed by a unit pause by the sum of on-time for all these phrases (E syl/E s). The relevant pause duration for this analysis was operationally defined as the median of the preceding (Opening; OP) or following (Closing; CP) unit pauses. Again, as Crystal and Davy (1975) did not specify whether the relationship of tempo and pause duration was with pauses which preceded or followed a given articulatory phrase, the unit pauses immediately preceding (OP) and following (CP) these phrases were both independently considered. So to clarify, the distribution of characteristic tempos (measured by mean AR) across individuals was not expected to covary with the median unit OP or CP pause durations accompanying these tempos.
Results
Table 1 presents the number (N) of measured pauses (> 0.04 s), the medians ( Mdn), and range in seconds as well as the percentage (%) distribution of measured pause durations in the notated categories for excerpts 1, 2, 3, and 4 of LLC. Also presented are the number of false positives (F+), correctly notated pauses (CNP), and false negatives (F-).
The pattern of findings for excerpts 2, 3, and 4 replicated the findings of Kowal and O'Connell (2000; Excerpt 1 in Table 1 ). Median durations of notated pauses were in keeping with an ordinal scale, but the notation system failed to meet the underlying assumption of interval scaling. The range of the unit pause durations for all three excerpts overlapped with both the brief and the double pause duration categories. Overall, 85% (206/241) of the measured pauses were notated by the perceptual method, but with a 25% rate of false positive notations (51/206). These findings confirm Kowal and O'Connell's (2000) conclusion that the use of perceptual methods for determining pause duration is low in reliability and validity. Table 2 presents the mean articulation rate (AR), the median (Mdn) pause duration for unit pauses that either precede (Open; OP) or follow (Close; CP) an articulatory phrase, as well as the correlations between AR and pause duration. For the seven different speakers in the four examined excerpts there was not one significant correlation between AR and pause duration. The largest correlations were r = + 0.52 for an opening pause duration and r = + 0.53 for a closing pause duration. For both Speaker A in excerpt 3 and speaker B in excerpt 4, the r between OP and AR was almost zero. These findings provide evidence against the first experimental hypothesis, that there would be a significant relationship between articulation rate and notated pause duration within individual speakers. In addition to the correlations at the individual level, overall correlations between mean AR and median pause duration were run. For the opening pauses ( n = 7), r = -0.002, while for the closing pauses ( n = 7), r = + 0.115. Both of these correlations were nonsignificant. They accounted for only 1% of the variance in closing pause duration and less than 1% in opening pause duration. These data suggest that there is no reliably measurable relationship of "impressionistic relative length with tempo norm" across subjects, as would have been consistent with Crystal and Quirk (1964: 49) .
Discussion
This study more closely examined the notation system used in the London-Lund Corpus. The results demonstrate that the system has considerable weaknesses in meeting its underlying assumptions: (1) The notated pauses failed to meet the assumption of interval scaling. Overall, the Pause notation 7 median durations for brief, unit, double, and treble pause duration categories were, respectively, 0.20, 0.42, 1.18, and 1.78 s. These results suggest that the perceptual method of notating unit pauses does not have a high level of reliability or validity.
(2) Crystal and Quirk's (1964) assertion that there would be variability in notated pauses based on tempo was also tested. There were no significant correlations between notated pause duration and articulation rate.
Although the operational definition of tempo in Crystal and Quirk (1964: 49) remains unspecified in their text, articulation rate (to our knowledge the only plausible way of measuring tempo) represents a best estimate of what they intended. This interpretation of tempo in terms of articulation rate seems also to be in accord with Couper-Kuhlen's (1993: 78) specification of tempo in this context as "the average length of interval duration."
It was also unclear in Crystal and Quirk's (1964) text whether the intended relationship was such that tempo was thought to correlate with preceding or with following pause duration. Therefore, both the opening and closing pauses of articulatory phrases were measured. There was no discoverable relationship between tempo and pause duration in either direction. In other words, the variation in the duration of pauses notated as unit pauses was randomly rather than systematically related to articulation rate. Despite this, one cannot say with certainty that the analysis taps into the relationship of tempo and pause duration as intended by Crystal and Quirk. Their (1964: 49) own statement remains the best evidence available to that effect: "Impressionistic relative length varies with the tempo norm of a given speaker."
Contrary to Crystal and Quirk's (1964: 49) insistence that the unit interval of silent pauses is "related solely to an individual's tempo", Couper-Kuhlen (1993: 78) has listed a number of additional factors, along with tempo, which she contends also determine the perceptual notation of occurrence and duration of pauses:
Phonetic factors such as number of syllables involved, average length of interval duration (tempo), presence of final lengthening and/or intonation boundary; and. . . nonphonetic factors such as speaker switching, parallelism in lexico-syntax, discontinuous structures, etc.
The present research has not attempted to engage these additional factors.
It should be noted, however, that English is the only major language for which isochrony has been claimed to be characteristic:
Rhythm in English is equated with isochrony; isochrony, in turn, is defined strictly as the regular succession in time of all stressed syllables that occur in a particular stretch of speech (i.e., by equal duration of the feet in any utterance). (Auer, Couper-Kuhlen, and Miller 1999: 12; see Crystal 1997: 171). Isochrony is defined by Couper-Kuhlen (1993: 1) simply as "the presence of a regular 'beat' in spoken language." But the beat is also specified as identifiable only perceptually:
Rhythmic structures must first be identified through multiple listenings, with tapping as an auxiliary aid. Instrumental measurement of acoustic interval durations can then be used to validate perceptual impressions. Tolerance levels for variability can be expected to range from 0-30/40% (difference to prior interval duration). . . Ultimately, the analyst's decision is a perceptual one, which means that vague and ambiguous judgments must be reckoned with. But this is the nature of rhythm as 8 Daniel C. O'Connell and Sabine Kowal gestalt. (78) But Kowal and O'Connell's (2000: 178; see also Kowal & O'Connell 1995) evidence, from both their German and English excerpts, indicated otherwise: "In her analyses, CouperKuhlen does take instrumental measurement into account, but it does not 'ultimately' validate the perceptual estimates" (our translation). It is indeed "in the nature of rhythm as gestalt" (Couper-Kuhlen 1993: 78) to be a subjective perceptual impression.
If the perceptual method of determining pause occurrence and duration is necessarily to be based on isochrony only in the English language, then the lack of generalizability of such a procedure to other natural languages must be considered a serious methodological drawback. Pause data for the English language thus derived would remain essentially noncomparable to data from other languages.
And were the English language in fact the only major language to be isochronous, an additional hypothesis accordingly would become plausible: In conversations across languages (e.g., English and French), pauses would be difficult for the respective interlocutors to perceive and predict, since pause durations would have to be perceived on the basis of disparate cues in the respective languages. It would also be plausible to expect that the timing of such conversations would accordingly be disrupted to some extent. Conceivably, were a researcher a native speaker of English, different perceptual habits (which a given researcher well might not have) would have to be activated in order to assess unit pauses in English, French, or French-English conversations. To our knowledge, empirical research on such hypotheses has not yet been engaged.
It would be quite in keeping with the evidence of the present experiment to consider the isochrony of the English language as at best only metaphoric (B. Pompino-Marschall, personal communication, June 21, 2000) . The evidence of Kowal and O'Connell (2000) and of the present research both indicate that the assumed isochrony of the English language and the corresponding subjective perceptual methods of notating silent pause occurrence and duration have serious methodological weaknesses.
Since the London-Lund Corpus is still being used in current research (e.g., Clark and Fox Tree under review), the problems of using noncomparable and unreliable perceptually based pause notations remain formidable.
